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RESEARCH INTC METHODS OF IMPROVING BLAST FURNACE COKE QUALITY
’ AT B.H.P. NEWCASTLE, AUSTRALIA -
WITH SPECIAL REFERENCE TO THE EFFECT OF BENTONITE

J. A. Gregory

The Broken Hi1l Proprietary Company, Ltd. '
Newcastle, N. S. W., Australia

The high ash, medium to high volatile co ng coals avallable in the
vicinity of the Iron and Steel works at Newcastle\'’/yield a very poor guality
blast furnace coke by most world standards., Thils factor, combined with
rapld expansion of the Company®s production facilities, has emphasissd the
need for extensive Invegtigation of methods of improving the gqueality of the
coke mage from these coals,

Fine grinding of the coal charged to the ovens at Nswcastle has
been of recognised practical benefit, and in fact, commion plant practice for
some thirty five or more years, 2'3'&)and the grind specification over this
period has gzensrally varied between the equivalent of 507% to 707 minus 18
mesh B,S.S. which 1s very fine by most standards., However, with the
expansion of the company'§ research activitizs and the installation of pilot
scale research equipment(Q), it was considered desirable to investigate the
effect of coal grind and the use of additives 1in more detail.

An early stage of this research comprised experimental and full
scale oven tests on the effect of coal grind on.coke strengthe In addition,
many series of tests comparing the effect of verious additives previously
investigated, such as char made from non-caking coals, were carried out over
a range of coal charge sizings. In the course of the shove investigations,
obgervations mage in relation to the-effect on coke strenzgth of Wyoming
bentonite and the bventonitic dlayshales asgsociated with the unwashed coals
resulted in the concentration of a good deal of research effort on mineral
matter associated with both northern and southern New South Wales coal seams,

Consideragble detailed research on the effsct of additives sucsh es
cher, coke-=brsarze, iron orse; and limesicns has veen carried out which fully
confirmc the advantazes of char. addition in comparison with other recognised
methods of coke strength improvenent.s However, 1t is not intended to
descrite this work in any detall here, save to compare the coXe strength
data with that obtainred in the invegtigation of firer grinding and bentonite,

EXPERIMENTAL OVEN TESTS ON UNWASHED COALS

In Novemher.i956, as part of a long renge program of improving the
quality of plest furnace coke used at the Newcastle steelworks, investigza-
tions of the coking characteristics of the northern coal seams and varia-
tions between the same seams at our several collieries were commenced,

These experimental oven tests were carried out prjor to the instsllstion of
the Pilot Scole Cosl and Ccke Research Laboratory 53, and consequently,
close control of such charge varilables as ash content end coal zrind was not
elways possible, A large nurber of oven tests were of necessity caprried out
in an attempt to clarify the effect of the many variables encountered.
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The results of a series of csarlier experimental oven tests are

shown 1n figure 41, in which the trend 1n relationship vetween coke strength
indices and coal Qrind are shovn.

It can be seen that 1nchaslng the fineness of grind of the coal
charge has resulted in an increase 'in .the strength of the coke as measured
by tnhe A.S.T.M. Stavility, hardness, and shatter indices, These results
indicated the possibility_of'increasing the stability of the coke from less
than 20 to over 30 by increasing the fineness of grind., Coke of 30 stabil-
ity has previously only been:obtzined on a production basis at Newcastle by
adding approximately 251 lower volatile southern N,S.W, strongly coking coal
to_ the northern blends, Theé incorporation of this southern coal, although
resulting in improved vlast furnace operation, has generally been considered
en expensive answer to the provlem of improving Newcastle blast furnace coke
quality., The results obtained by finer grinding suggested therefore, an
alternative method to the use of southern coal. However, it was also
reaiised that there existed a number of practical problems in relation to
achieving and nandling on a produﬂtlon scale grinds finer than 70% minus 13
mesh,

FULL SCALE FINE GRIVD TESTS ON UNWASHJD COALS

Iin mnbpuary to Aprll 1998, ten series of flne grind trials were
carried out in the . full scale ovens at Newcas8tle.. The bulk of these tests
were cgrried out’ using Lembton -Collizry, Victoria Tunnel Seam, Burwood
Colliery, Borehole Seam and Burwood Dudley Seam coals in the unwashed condi-
tion. Facilities were not available to carry out tests on individual seams

£ter washing, but it was possible-to test.the effect of coal grind on the
tnen current northarn blend ex the: washery and the final test in this series
was conducted on such a sample washed to 1474 asha. The overall result of the
effect of cosl grind on coke strength for- this series of tests, on cozls
ranging from 4132 ‘to 249 ash content) is shovwn in figure 2, Calculation
showed that these full 'scale oven tests gave a close correlation with the:

results obtained in the expehimental oven on northern coals at a similar
ash level, - . .

Promising though these results were in regard to the effsctiveness
of finer grinding, the discovery of the beneficial effect ¢f g 211 percen-
tages of bentonite and bentonitic shales in northern coals‘<s°/, provided
reason for caution in assessing the effectiveness of fine grinding. 1In
addition, during the tests, considerable difficulty was experlenced in
handling the very finely zround coal charges, which is a further important
considergtion in r°59ﬂd to finer *rlndirg.
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A closer examination of the results of the full scale fine zrind
tests on Victoria Tunnel, Dudley and Borehole seam coals showed that there .
were at least three varisbles which could be contributing to the increase
in coxe strength, the other two being ash content and coal ssam variation.
Fine grinding had been most effective with the high ash Dudley seam coal,
and least effective with the 1over ash Borehole seam coala,

In addition, later investigations snowed that of the cosl seams
tested, the Dudley and Victoria Tunnel seams containing tentonitic clay-
shales gave the best results on finer grinding, whereas the Borehole seam
containing relatively little bentonite gave the least improvement,
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Becauss of the number of varisbles that could e contributing to
the efrectiveness of fine grinding, it was clsar that ths problem of signifi-
cantly and economically imrproving northern blast furnace coke guality by

finer grinding was more complex than orizinally thoughtl.

EXPERIMENTAL AND FULL SCALE OVEN‘TESTS ON WASHED COALS.

(a) EIxperimentsl Oven Fine Grind Tests

In 1959 full scale wet washing of the fine coals on Deister tables
replensed dry tables'und the ash in the washed coal to the commercial ovens
was reduced from 15% to 11ﬁ. Blast furnace operation benefited considerably

rom the reduction of 4#% in coal ash, hsw°ver, there was a Tall-off in coke
trength. In salte of the fact that the 4 reduction in ash gave seversl -

oints increase in coke ., 8.T.k. hardness index, the A.3,T.Y. shatter and

53tability were reduced someswnat and there vas' a maﬁked increase in the
rount of spongy coke nroducedo .

ui o0 Pb:
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Tne ogportunltj was taken to carry out exper.men,al oven fine grind
tests on these current washed coals of 417 ash. Two series of tests were
carried out, each on a ten ton sample from the full scale washery. AS
anticipated, finer grinding was somewhat less effective with these washed
coals, However, it was also found that.in the experimental oven, these
washed coals gave considerably o tter guall ty coke at coarse coal grinds
than did the full scale ovens, ~Although the reasons for this improvement
WEre aosoure,.‘t was clear that ressonably strong coke could be prodiced
in the -experimental oven at (by our standards), relatively coarse coal grinds
of tnP order of uoﬂ to JOp minus 18 mesh BeSeSe

(o) Fulil Scele Oven Tests qomggring Flnp Grindl Ckar -and Bentonite

Sincs mid’ 1030, some 8~O exnerimental oven - charges of approximately
850 1bs each had been coked in investigation of various measures taken to
improve coks guality, and it had been concluded that .the most promising
avenues of further investigation were finer grinding, 5% char addition and
1% Bentonite addition. These three methods although presenting thelr own
individual problems as regards full scale apnlication, were considerably
more effective in the experimental oven that say, iron ore, coke bresze or
limestone additions.

Therefore, a number of full scale oven charges were nrepared at the
Jorks Research Laboratory (as described in more detail in the next section),
in order to confirm the results obtained in the experlmental oven, The
results of these tests are given in table I.

TASLE L.

Full Scale Oven Tests Comparing Fine Grind,
Char and Bentonite Addition.

Deser ntloﬁ of © Coal Grind - A.S;T.M. Coke Physical Test Datg

charge =188, 3,8, 1% shatter = 1"Stability  Z"Hardness
8 Control Tests 40/55 "63/7h 46/24 - 68/71
“(Ranze) _ . .
¥ixed Charze 43 T : 19 : 68

o agditions)

1% Bentonite . QB 76 ‘ 3L 72
5% Caar Ly . 82 38 "~ 68

Fine Grind : 65 . 77 ‘ - 29 o 73
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From Table I it can b2 seen that the experimental oven findings
were confirmed, Although 1% bantonite addition was not the most effactive,
it was decided to carry out further tests with smaller percentages of
bentonite, If sufficiently effective in improving coke strenzth, less than
1% bentonite addiition would offer a simple method of carrying out full scale
blast furnace trisls with stronger coke to determine the valus of the latter
in relation tc operation of owr Hewcastle blast furnaces,

NTAL aND FULL SCALE OVEIN TE3IT3 OV THE EFFICT OrF BENIONITE

EAFZRINED
QN COKE QUALITY

The discovery of the beneficlal elflfect of a small percentage of
ventonite on Newcastle coks sirength was made in May 1953 in the newly
installad Pilnt Sczle Coal and Coke Rassgreh Lakorgtory (figure 3), and
vecame the Tirst mgjoyr g@search program using this éguipment, As has vaen
reported slsewhera\2s?si/, a considerable number of sxperimental oven tests
(figures L) wers carrisd out in invegiigation of the sffect of both Jyoming
bentonite and the bentonitic sheles associated with the Newcastls coal ssams.

Py

From thege gxperimental testsy, it was shown that, z2lthough
variabls in propertiss, ths local tentonitic clayshales associatzd with
tha coal sesms approached §yoning tentonite in their czpacity to affsct an
improvament in the sirength of Vewcastls cokee It was alsc shown that 14
nentonite added to the lower volatile strongly coking southern N, 3,.77. coals
had a marked detrimental effect on ccKe guslity.

YMmen the opporiunity arose to carry out full scale oven tests to
confirm these effscts, 1t was decided to concenirate initially on the use
of Wyoming Tentonite in order to kesp tha test variables to a minimun,
(a2} fFull le Oven Tesis Prepared at ths 'Vorks Reseorch Latoratory
1 iral Hixer . : - -

The firsi full scale oven test with 17 of “yoming tentonite added
to the coal was carried out in March 4950 . and resulted in such a marked
improyvement in coke guality that atiention was concentrated on thz sddition
of only 1/h4% to 1/2% of bventonite, These tests were carrisd out by with-
drawing £ull oven charges Trom the battery bunkers using the spare charging
machine, 4fter charging the necegsary conircl tests, z full oven charge was’
transferred t0 a lorry at ground levsl and taksan to the pilot plant labora=-
tory where the dry ventonlte was caprefully blended using a spiral ritbon
mixer, The mixed chargs was bagged and retarned. to, the bsttery where the

four hundred bags (approx.) wers nolsted to the top of the battery and emptied

into the cannisters of the charger. The‘resqlts of the physical tests
carrisd out in triplicate on the cokes produced in this manner are given in
Table 2, S B : ’ :

T43LE 2.
FUiL SCALE OVEN TESTS JITH BIWTONITE
Description” Coal ‘Grind - A, 3,T.i. Coke Physical Test Data
of Chnarges ¥ ~18B.5.5. 41z" Snhatter: 41" 3tability: " Hardness;
& control Tests . LG/55 69/74 16/ 20 68/70
(Rang2) ' - , , _
1, Bentonite L3 76 o 34 72
+% Bentonite 5L 77 37 74
17 Bentonite 4 ' 77 31 70
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From table 2 it can be seen that a marked improvement in coke
strength has resulted from addition of either ¥%, 3% or 1% bentonite,
The prun-of-oven coke produced at Newcastle from the current washed coal
of approx.i1¥ ash and 39% volatile matter (d.a.f.) besides giving poor
coke strength, of the order of that shown for the control tests in the
tables, contains an excessive amount of sponge coke, = The addition of even
a 4% ventonite resulted in virtually complete elimination of this sponge
and a less fingery coke vroduct, Figures 5 and 6 i1ilustrate the difference
in sppeerance of the cokes produced with and without bentonite addition,
These photos sre of a single bag of each coke selected at random. ZXven in
a casual examination of the cokes, there could be little hesitation in
selecting the one contalning bentonite. '

(t) Full Scale Oven Tests Prnpared al Coke Oven Hammer Mills with no
Separate Mixing, .

The next serlies of f1ll scale oven tests were aimed at determining
the simplest practical method of adding the bentonite to the coal in
enticipation of a full scale test in the blast furnaces over an extended
periode It was decided to test the effectiveness of the hammer mills
elone in mixing the bentonite with the coals, A small hopper and vibrating
feeder were set up to feed bentonite on to the stream of coal feeding into
the hemmer mills, For the tests, sufficient coal was run through the mill
to £il1l a sample bin (3 oven charges). Two or three control charges with-
out bentonite were prepared and charged, followed by three charges with i%
to 5? dry bentonite powder added to the coal stream,

The results of the first test series carried out by adding the fine
dry bentonite at the hammer mill are given in table 3.

TABLE :

FULL SCALE OVEN_TESTS ADDING 24 BENTONITE
L AT THE HAMMER MILLS

Description A, S, Ty e Coke Physicsl Test Data:
of Charge: 1% Shatter: 1" Stabilitys X" Hardnesss
Control © 65 - 13 72
" : oL 15 73
4% Dry Bent. 13 24 74
" 67 24 72
" 68 ' 2L 72

From the results of the above test, 1t was apparent that the coal
used was of poorer quallty than normal as reflected in the physical tests
on the control charges. The test was repeated using the same technique of
adding the bentonite at both I% and 3¢ levels of sddition. The results of
these test series are given in table L.
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TABLE -

FULL SCALE OV“ TESTS ADDING 5% ANMD
) BEN”ONI_ T THE HA“MHR MILLS
Description - 'A.é;T M' Coite Physical Test Data: .
- 0f Charges - " 414 Shatter: 1% Stability: X' Hardness:
Control Tests .- 65 : 47 72
" 1" 63 . 15 70
n " 67 16 73
14Dry Bents . 75 ' 27 71
. 1] H] ‘ 70 ) 30 75
B 1 . : 73 E 24 72
Control Tests 65 17 ' 72
" ’ 65 : 18 - o 4
"o L 63 17 74
3%ry Bent,, - 70 . - 23 ' 7
" " 75 - : 30 70
W 51 30 7

These full scale oven tests (table h) confirmed that %% to 3%
bentcnite could be added to the stream of coal entering the hammer mills
with results comparable to tnose obtained by careful mixing.. .

DISCUSSION '

" Based -on.the results obtained in experimental and full scale oven
tests, it is planned to carry. out trials in the coke ovens and ovlast
furnaces at Newcastle over an extended period. The Newcastle plant has a
nominal capacity of 300 tons/hour of washed coal, We will aim at I# ary
bentonite addition to the ¢oal stream entering the hammer mills, That is,
we will be adding 1 ton/hour .of ash forming material to the coal; and it
must be admitted that the benefits obtalned need to be sufficient to justify
such an unusual precedent.

However, there is no doubt that bentonite maraedly improves Hew—
castle blast furnace coke quality. We therefore, have the opportunity of
answering the age old question concerning thé benefits of coke quality on
blast furnace operation, by a simple practical process, Undoubtedly,
valuable information will be obtained. i .

Qur .aim as regards the coke strength in the blast furnace trial
will be to produce a sponge free coke of the order of 75 shatter (1i"),
30 stability and 70 hardness, ihether we can achieve this specification
will depend to a large extent on the degree of control we can exercise over
the uniformity of addition of the bentonite to the cosl stream entering the
hammer mills, and on the co0al grind obtained in the mills, In most of the
full scale oven tests carried out to date, the cosl grind has been below 50%
minus 18 mesh B,S.S. which is generally considered coarse for our types of
coal, We know from experience that the beneflcial effects of finer coal
grind and bentonite addition can te combined to give a stronger coke., Dur-
ing the trial therefore, we will aim to maintain the coal grind above 504
minus 18 mesh (the minimum accéptable figure under normal conditions), which
should ensure our achieving the desired coke strength indices.
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There are many questions in our minds regarding the possible
significance of the effect of bentonite on coke strength which can only be
answered by further research and the proposed full scale trial,

On the fundamental side, there is the question of the mechanism by

which bentonite affects an improvement in the gquality of the high volatile

northern N,S.%, coals. At the moment, our thinking favours the theory that
the lon-exchange .capacity of the bentonlite favourably effects the stability
of the bonding constituents in these coalss On the other hand, we have ths
contrast in effect on the lower volatile southern N,S5.W. coals which in a
limited investigation,. have shown a marked deterioration in coke strenzth
with ventonite addition, '

The soi't clayshales associated with the unwashed northern N, 3.l
coals have been shown to possess bentonitic properties to varying degrees,
some to a marked extent, The addition of 1% of bentonitic clayshale
removed from the unwashed coal before washing and re-addsd to ths washed
cozl hes zlso resulted in a marked increase in coke strength. However, it
is apperent that the beneficial properties of these claysnales are lost
during coal washing, because after wasning to 11% ash, these coals in
practice, should contain sufficient of this clayshale to give an increase in
coke strength. That an increase in coke strength has not resulted in
practice is attrivuted to 1lcss of ion-exchange capaclty of the clays during
washing. This aspect offers az further interestinz field of research,

. There remalns something to e learnt regarding the best method of
adding tentonite to the coal. 4 limited amount of work has been carried
out on the addition of the bentonite in slurry form in both water and oil.
The bentonlte can be dispersed readlly in the oil used for bulk density
cont"ol, but it was considered that in this Torm, the ion-excharnge canscity
misht pe lowerad teo such -an sxtent Ly the oll that the effect on the ccke

strength wonld be less marked. Results obtaired to date with oil dlsper-
gicn have been viarisble end further rssearch is required on this point,

~Water slurries of bentonite have given much the same order of
improvement in coke strength as the dry ©tentcnite additicns, However,
although Ty no means proven conclusively as yet, it 1s our impressicn that
the moisture content of the coal may pley an important role in the effect--
iveness of the dry ventonite agdition. That is, the coal charges with
higher moisture seem to give stronger coXe with thz dry bentonite addition,
However, this 1ssue is somewhat clouded ty other variables at the moment,

Oon the production side, w2 hope to obtain an answer to the question
of the relative merits of cokes of 30 stsbility and 15 stability in the
vlast furnaces at Newcastle. If the trizsl is successful from the point of
view of control and coke strength and little effect it shown on blast
furnace operation and productlon, then we will need to revise our assess-
ments of what constitutes blest furnace coks guality. On the other hand,
snoulé blagt furnace overation benefit significanily from the use of the
bventonite coke, we will be a further step Torward in the cozsmon goal of
improving blast furnace procht1v1ty by the use of tallor made raw mater-

ials,
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The Experimental Coke Oven,
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Fige 6: - Full Scale Oven Test £% Bentonite Addition.




